1. Introduction
===============

Sudden cardiac death (SCD) from cardiac arrest is a major international public health problem accounts for an estimated 15% to 20% of all deaths.^\[[@R1]\]^ No matter in or outside hospital, the success rate of cardiopulmonary resuscitation (CPR) is very low.^\[[@R2]--[@R4]\]^ Therefore, the recovery of sinus rhythm is a core indicator for the outcome of CPR.^\[[@R5]--[@R7]\]^ Although there were a lot of researches about CPR, most researches were focused on the final outcome of CPR and the specific intervention, while only a few researches were about the risk of spontaneous circulation recovery and there are not researches about the recovery of sinus rhythm. In our study, we would like to study the related factors for the recovery of sinus rhythm and maintenance time of sinus rhythm in patients with CPR.

2. Objective
============

We aim to study the related factors for the recovery and maintenance time of sinus rhythm in patients with CPR.

3. Methods
==========

3.1. Ethical approval
---------------------

We had got the ethical approval (The Second Affiliated Hospital of Xi'an Jiaotong University Approval documents of the medical ethics committee, the approval number: 20180031).

3.2. Study design
-----------------

A single-center retrospective case--control study.

3.3. Inclusion criteria
-----------------------

From January 2011 to December 2016, the cases with CPR were collected in emergency department, emergency ICU (EICU), coronary care unit (CCU), and intensive care unit (ICU) in our hospital.

3.4. Exclusion criteria
-----------------------

1.  Age less than 18 years;

2.  pregnancy;

3.  the majority of medical records or the critical data was missing.

3.5. Grouping
-------------

The patients were divided into 2 groups: sinus rhythm recovered group (SR group) (n = 130 cases), sinus rhythm unrecovered group (SUR group) (n = 214 cases).

3.6. Participants
-----------------

From January 2011 to December 2016, 414 cases with CPR in EICU, CCU, and ICU were collected, among which 344 cases met the inclusion and exclusion criteria, SR group (n = 130 cases), SUR group (n = 214 cases).

3.7. Primary outcome measure and secondary outcome measure
----------------------------------------------------------

Primary outcome measure was the factors associated with the recovery of the SR after ROSC and the secondary outcome measure was the factors associated with the maintenance of the SR.

3.8. The collected variables
----------------------------

1.  the general items: age, sex, past history (whether complicated with hypertension, diabetes, coronary heart disease, atrial fibrillation, aspirin taking history, beta blocker, smoking, and drinking history), diagnosis and admission condition (divided into general, seriously ill, urgent, and critically ill by admissions physicians according to their experience), awareness, and vital signs (blood pressure, heart rate, respiratory frequency, and body temperature) at admission;

2.  the related laboratory tests: blood routine, liver function, kidney function, electrolyte, blood fat, coagulation indicators, BNP, and troponin;

3.  the drug that was used during CPR, including the usage of epinephrine, atropine, norepinephrine, isoprenaline, dopamine, metaraminol bitartrate, dobutamine, vasopressin, naloxone, amiodarone, anticoagulant, antiplatelet drugs, hormones, sodium bicarbonate, and lidocaine;

4.  the non-drug treatment during CPR, including endotracheal intubation, external pacing, and electrical defibrillation;

5.  the outcome of resuscitation and other related indicators, including the recovery of sinus rhythm, the maintenance time of sinus rhythm, the recovery of spontaneous breathing, rescue time and vital signs after rescue and so on.

**Control of bias risk**:

1.  data collection: a detailed case report from (CRF) was made before the data was collected, and at the same time, each index was strictly defined to ensure the authenticity and reliability of data as much as possible;

2.  data management: a professional data management software (Epidata) was used to manage our data;

3.  data analysis: before data analysis, the data is strictly checked and cleaned, and then the missing values were analyzed by the method that missing value analysis to reduce the influence of missing value as much as possible;

4.  control of confounding factors: multi-factor analysis method was adopted to control possible confounding factors.

**Statistical analysis**:

1.  data cleaning and interpolation: when cases with many missing values or key data were missing, we would check out the medical record again and supplement the missing value if it is possible. If the case\'s missing values was too much to be supplemented or the key data was still missing, it would be deleted. We only remained the cases with a few missing values and without lack of the key data, and then the missing values of the remained cases were interpolated by the regression method of SPSS missing value analysis.

2.  statistical description: Mean ± standard deviation (x ± s) was used for continuous variables of baseline data in the 2 groups, and counts data were shown by numerical values and percentages.

3.  univariate analysis: first, univariate analysis was carried out according to whether sinus rhythm was recovered, in which the continuous data met the normal distribution and homogeneity of variance, *t* test would be performed, if it did not meet the normal distribution or homogeneity of variance, rank sum test would be used. Four tables or row lists chi-square test was used for counts data; at the same time, subgroup analysis was carried out between cardiovascular disease and non-cardiovascular disease.

4.  multifactor analysis: when the *P* value of factors were less than .1 in univariate analysis, they would be incorporated into logical model for multifactor analysis. At the same time, the factors that might affect the recovery of sinus rhythm from a clinical point of view, even though the *P* value was much than .1, these factors were also included for the multifactor analysis. At the same time, multifactor linear correlation was carried out for the maintenance time of sinus rhythm.

5.  the factors obtained from multifactor analysis were further evaluated by receiver operator characteristic (ROC) curve to evaluate the predictive value of the recovery of sinus rhythm. All statistical analyses were performed by SPSS 22 software and graph pad prism 6.0 was used to draw related statistical charts. *P* \<.05 was considered as a statistical difference

4. Results
==========

1.  General information of the included cases: Totally 344 cases met the inclusion and exclusion criteria, SR group (n = 130 cases), SUR group (n = 214 cases). The cases of SR group complicated with coronary heart disease were less than those of SUR group, *P* \<.05. (see Table [1](#T1){ref-type="table"})

2.  Related laboratory tests within 24 hours before CPR: total bilirubin, direct bilirubin, lactate dehydrogenase, and lactate dehydrogenase isoenzyme in SR group were lower than those in SUR group, *P* \<.05. (see Table [2](#T2){ref-type="table"})

3.  Related indicators in the process of CPR: the heart rate and SPO2 in SR group were higher than those in the SUR group, while the rescue time, previous rescue times, the usage and dosage of atropine, and the usage and dosage of adrenaline in SR group were lower than those in SUR group, *P* \<.05. (see Table [3](#T3){ref-type="table"})

4.  Subgroup analysis between cardiovascular disease and non-cardiovascular disease showed that red blood cell counts, direct bilirubin, lactate dehydrogenase isoenzyme, systolic blood pressure, platelet counts, prealbumin, the usage of sodium bicarbonate were important factors for the recovery of sinus rhythm in patients with cardiovascular disease during CPR, *P* \<.05. But the usage and dosage of atropine, the usage, and dosage of adrenaline, SPO2 and the rescue time were important factors for the recovery of sinus rhythm in patients with non-cardiovascular diseases during CPR, *P* \<.05. (see Table [4](#T4){ref-type="table"})

5.  Multivariate logistic regression analysis for the recovery of sinus rhythm showed found that red blood cell counts (OR = 1.30, 95% CI:1.04--1.63, *P* = .02), rescue time (OR = 0.95, 95% CI: 0.94--0.97, *P* \<.001), the usage of norepinephrine (OR = 2.14, 95% CI:1.06--4.35, *P* = .04) were important factor for the recovery of sinus rhythm in patients with CPR. (see Table [5](#T5){ref-type="table"})

6.  Multivariate linear regression analysis for the maintenance time of sinus rhythm showed that the dosage of epinephrine, the usage of naloxone and diagnosis were important factors for maintenance time of sinus rhythm after CPR, *P* \<.05. (see Table [6](#T6){ref-type="table"})

7.  Receiver operating characteristic curve (ROC)analysis showed that rescue time had high accuracy to predict the recovery of sinus rhythm, the area under the ROC curve (AUC) was 0.84 (0.80, 0.88), sensitivity and specificity are respectively 71.54% and 93.46%, while red blood cell counts had a poor accuracy to predict the recovery of sinus rhythm the area under the ROC curve (AUC) was 0.56 (0.51, 0.61), sensitivity and specificity are respectively 56.15% and 58.41%. (see Fig. [1](#F1){ref-type="fig"})
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5. Discussion
=============

We found that the cases of SR group complicated with coronary heart disease were less than those of SUR group, *P* \<.05. Total bilirubin, direct bilirubin, lactate dehydrogenase, and lactate dehydrogenase isoenzyme in SR group were lower than those in SUR group, *P* \<.05. The heart rate and SPO2 in SR group were higher than those in the SUR group, while the rescue time, previous rescue times, the use times and dosage of atropine, and the use times and dosage of epinephrine in SR group were lower than those in SUR group, *P* \<.05. Sub-group analysis showed the factors for the recovery of sinus rhythm were different between cardiovascular disease and non-cardiovascular disease. The multivariate analysis showed that red blood cell counts, the rescue time and the usage of norepinephrine were important factor for the recovery of sinus rhythm, while the dosage of epinephrine, the usage of naloxone and diagnosis were important factors for maintenance time of sinus rhythm in patients with CPR, *P* \<.05. ROC analysis showed that the rescue time had highly accuracy to predict the recovery of sinus rhythm.

The recovery of spontaneous circulation in cardiac arrest is related to the perfusion of heart.^\[[@R8]\]^ According to Poiseuille law, the smaller the vascular diameter, the greater the vascular resistance, and even small variation can lead to the sharp increase of vascular resistance.^\[[@R9]\]^ Cardiac tissue perfusion is proportional to the pressure difference between the 2 ends of the blood vessel but inversely proportional to the vascular resistance.^\[[@R10]\]^ For patients with coronary heart disease, atherosclerosis often leads to coronary artery stenosis and thrombosis.^\[[@R11]\]^ Therefore, the patients with coronary heart disease will suffer from the increase of vascular resistance and the obvious decrease of perfusion pressure during CPR, which will lead to a significant decrease in the perfusion volume of cardiac tissue. The decrease of tissue perfusion will lead to ischemia and hypoxia of myocardial cells, a large number of ion pumps failure on myocardial cell membranes, the increase of membrane permeability, decrease of membrane fluidity and dysfunction of membrane receptors,^\[[@R12]\]^ which will eventually lead to the dysfunction of myocardial cell excitability, conductivity, self-discipline and contractile ,^\[[@R9]\]^ and finally reduce the rate of the recovery of sinus rhythm and spontaneous circulation.

Fahhrettin oz\'study found that bilirubin levels were correlated with coronary blood flow velocity, and the higher bilirubin, the lower flow of coronary blood.^\[[@R13]\]^ In addition, hyperbilirubinemia will lead to increase the tension of vagus nerve,^\[[@R14]\]^ which will reduce the generation and conduction of sinus rhythm, which is why hyperbilirubinemia with lower recovery of sinus rhythm in patients with CPR.

Myocardial ischemia and infarction are the most common causes of heart damage.^\[[@R15]\]^ Compared with other indexes related to heart damage, lactate dehydrogenase and lactate dehydrogenase isoenzyme in SR group were lower than those in SUR group, *P* \<.05, which was similar to previous studies.^\[[@R16]\]^ However, troponin had no statistically significant difference between the 2 groups, the possible reason was that troponin was not used as a routine examination at admission, so that resulting in many missing values.

Before cardiac arrest happens, it is often accompanied with progressive deterioration of vital signs, such as obviously decline of heart rate and SPO2.^\[[@R17]\]^ If we can identify them in time and start CPR as soon as possible, the success rate of CPR will be improved obviously. Heart rate can reflect the electrical activity of the heart and SPO2 can reflect the perfusion of the recovered tissue.^\[[@R18]\]^ The higher the heart rate and SPO2 when starting CPR, it means that CPR more timely and better tissue perfusion, and the greater the possibility of the recovery of sinus rhythm and spontaneous circulation.

Although atropine was common used in CPR, the AHA\'s guidelines for CPR in 2015 had suggested that atropine should be only used when the heart rate was slow, especially when the heart rate was less than 50 times/min, because there was no evidence showed that atropine could increase the outcome of CPR.^\[[@R18]\]^ Therefore, we infer that atropine is an important factor of the recovery of sinus rhythm especially when patients with low heart rate.

Epinephrine is a recommended drug for cardiac arrest by the guidelines, but its usage and dosage are still controversial.^\[[@R19]\]^ Catecholamine substances (epinephrine and norepinephrine) in blood rapidly and dramatically increase about 50 times after cardiac arrest, and catecholamine receptors rapidly decrease in the early and gradual increase with time,^\[[@R20]\]^ which is one of the theoretical bases for the use of epinephrine in CPR. However, in some non-random study, although adrenaline can improve the success rate of spontaneous circulation, there is still great controversy about whether epinephrine can improve the final outcome of CPR.^\[[@R21],[@R22]\]^ But all the studies are observational studies, so the conclusions need to be further verified by randomized controlled trials.

Amiodarone and lidocaine are the most commonly used antiarrhythmic drugs, and amiodarone is more recommended in CPR.^\[[@R23]\]^ Compared with lidocaine, amiodarone can improve the recovery of spontaneous circulation and hospital survival rate in treatment of ventricular fibrillation and pulseless ventricular tachycardia.^\[[@R24]\]^ The latest guidelines recommend that sodium bicarbonate should not be used routinely except in patients with hyperkalemia or tricyclic antidepressant overdose,^\[[@R18]\]^ because it may aggravate intracellular acidosis and reduce the success rate of CPR. Our study had the similar conclusions. Respiratory stimulants are not recommended for resuscitation of cardiac arrest. Because respiratory center is very sensitive to ischemia, when cardiac arrest, respiratory stimulant can not effectively stimulate the respiratory center, and re-use of respiratory stimulant may further worsen the disease.^\[[@R18]\]^ In addition, there are many means of respiratory support for cardiac arrests, such as simple respirators and ventilators.

In the process of CPR, in addition to the drug therapy mentioned above, the treatments also include electrical defibrillation, cardiac pacing, endotracheal intubation, and so on. Ventricular fibrillation seldom spontaneously terminates, and electrical defibrillation is the only effective method to terminate ventricular fibrillation, especially early defibrillation can greatly increase the success rate of CPR.^\[[@R18]\]^ As the importance of electrical defibrillation, all the clinician has fully realized the importance of electric defibrillation, and so electric defibrillation can be performed at the first time, and that is why there is no statistical difference between the 2 groups. However, the guidelines suggest that cardiac pacing should only be performed for patients with symptomatic bradycardia or high atrioventricular block.^\[[@R18]\]^ In the early stage, simple respirator is more recommended to use for respiratory support, in order to reduce the interruption times of chest compressions as much as possible. Therefore, cardiac pacing and endotracheal intubation are not the key factors influencing the outcome of CPR.

Our study found that the higher the red blood cell counts, the higher recovery of sinus rhythm. The reason is that the higher red blood cell counts, the more higher ability to carry oxygen,^\[[@R25]\]^ which is conducive to increasing the tissue oxygen supply, reducing the tissue ischemia and hypoxia. At present, related studies recommend the use of norepinephrine as a booster drug during CPR,^\[[@R18]\]^ because it is more reliable and suitable to control. With the increase of rescue time, the recovery of sinus rhythm decreased significantly, this was consistent with previous studies. ROC curve analysis showed that rescue time had good predictive value for sinus rhythm recovery. The results of our study once again proved that the clinical rescue time should be at least more than 30 minutes.^\[[@R26]\]^

The recovery of Sinus rhythm is the prerequisite for the recovery of spontaneous circulation in patients with cardiac arrest. At the same time, the maintenance time of sinus rhythm is also an important prerequisite for keeping vital signs stable after CPR, and it is related to whether other resuscitation techniques have time to be implemented and the final outcome of CPR.^\[[@R27]\]^ Therefore, we made a multi-factor linear regression analysis for the maintenance time of sinus rhythm. We found that the dosage of epinephrine, usage of naloxone and diagnosis were important factors influencing the maintenance time of sinus rhythm after CPR. The β coefficients of the dosage of epinephrine and usage of naloxone usage were −0.159 and −0.124 respectively, which indicated that with the increase of dosage of epinephrine and usage of naloxone, the maintenance time of sinus rhythm would decline, which might reduce the ultimate success rate of CPR. The possible reason is that the increased dosage of adrenaline would lead catecholamine increasing,^\[[@R28]\]^ which would lead to an increase of ventricular arrhythmia and result in reducing maintenance time of sinus rhythm. The latest version of the guide suggests that naloxone should not be used as a routine drug for CPR, but only for patients with opioid poisoning.^\[[@R18]\]^ Our study found that diagnosis also was an important factor for the maintenance time of sinus rhythm. Therefore, it is very important to treat the primary disease in patients with recovery of sinus rhythm after CPR.^\[[@R29]\]^ These findings will make us evaluating the prognosis of patients with CPR more reliable and make the treatments of them more reasonable.

**Limitations of this study:**

1.  some of the variables in our studies such as the average of SPO2 was about 20%, some studies had shown that SPO2 below 70% or 80% may not be accurate in almost all monitors, so we should be careful for the effect of SPO2 on the recovery of sinus rhythm and the maintenance time of sinus rhythm. At the same time, heart rate at rescue, rescue systolic pressure, and rescue diastolic pressure might be with the same risk.

2.  this study is a retrospective study with some bias risks, and its research results should be carefully applied;

3.  the sample size of this study is relatively small;

4.  the cases included in this study are all in-hospital cases, which would limit their clinical application;

5.  there are some missing values in the research data.

6. Conclusion
=============

Red blood cell counts, the rescue time and the usage of norepinephrine might be important factors for the recovery of sinus rhythm, and the dosage of epinephrine, the usage of naloxone and the diagnosis might be important factors for the maintenance time of sinus rhythm in patients with CPR.
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